Cosmic ray particles can be accelerated in the supernova. A protoneutron star is formed in a few seconds after the supernova explosion of a massive star. Neutron stars may be one of cosmic ray sources. Therefore, the study of structure of protoneutron stars is significant to investigating the origin and acceleration of cosmic rays. The hyperons interaction mediated by strange mesons and the structure of massive protoneutron stars are studied in the framework of the relativistic mean field theory. It is found that the strange mesons σ * and φ suppress the generation of hyperons in the protoneutron star matter. The temperature of the protoneutron star matter with σ * and φ mesons shows to be higher than that without them, and the equation of state is stiffer. The structure of the protoneutron star corresponding to the mass of PSR J0348+0432 are also presented.
Introduction
Supernova remnants(SNRs) are generally considered as the sources of cosmic rays in the Galaxy and elsewhere [1] , and shock acceleration in supernovae offers a plausible explanation for cosmic ray origin up to energy of 10 14 eV [2, 3] . SNRs exploding into a wind environment of the progenitor star and maximum nucleon energies of the order of 10 15 − 10 6 eV can be reached [4] . A cold neutron star is one kind of evolutionary outcome of a protoneutron star(PNS) which is formed in a few seconds after the supernova explosion of a massive star(M > 8M ⊙ ) [5] . Therefore, the study of structure of protoneutron stars is significant to investigating the origin and acceleration of cosmic rays.
In 2010, the massive neutron star PSR J1614-2230 was observed with 1.97±0.04M ⊙ [6] , and in 2013, another massive neutron star PSR J0348+0432 of 2.01 ± 0.04M ⊙ was observed [7] . So far, there are many papers have researched on the particle composition, the EOS, and the properties of these massive neutron stars matter [8] [9] [10] . Orsaria et al used a nonlocal extension of the SU(3) NambuCJona-Lasinio model and showed that massive neutron stars, such as PSR J1614-2230 with a gravitational mass of 1.97±0.04M ⊙ , may contain mixtures of quarks and hadrons in their central regions [11] .
The interaction of hyperons that may occur in neutron stars can mediated by scalar-meson(σ * ) and vector-meson(ϕ ) introduced by Schaffner et al [12] [13] [14] . Basing on RMF approach, Oertel et al studied neutron star matter including hyperonic degrees of freedom and the hyperon-hyperon interaction is described through the σ * and ϕ mesons [15] . Bednarek et al constructed a model of the hyperon cores of neutron stars that allows for the existence of neutron star of 2M ⊙ and they also introduced strange mesons fields coupled only to hyperons [16] . Gomes et al developed a new class of EOSs that allows for the presence of hyperons, and the strange mesons play an important role in the description of hyperon interactions [17] .
Relativistic mean field theory at definite entropy
The RMF theory is an effective field theory of hadron interaction [18] . The interaction of baryons in neutron stars is achieved by exchanging σ , ω, ρ mesons, σ provides the medium-range attractive interactions, ω provides short range repulsive interactions, ρ describes the difference between neutron and proton. The interacting of hyperons that may occur in neutron stars mediated by the strange mesons σ * and ϕ introduced by Schaffner et al [12] [13] [14] .
The Lagrangian density of the neutron star matter containing strange mesons σ * and ϕ is [19, 20] :
where ψ B is the field operator of baryon B(n,p,Λ,Σ,Ξ) and the corresponding bare mass is m B . 
here,S µν = ∂ µ φ ν − ∂ ν φ µ , σ * and ϕ represent the field of scalar-meson σ * and vector-meson ϕ , respectively. The partition function of a hot matter system is [21] :
where V is the volume of the system. The energy density and pressure of the system are related to the partition function as follows:
Therefore, the energy density and pressure of hot neutron star matter system are:
The total entropy per baryon of PNS matter system is expressed as
where ρ = ∑ B ρ B is the total baryon number.
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Coupling parameters
There have been many sets of nucleon coupling parameters. Here, we choose the nucleon coupling parameter set GL85 [22] to calculate the properties of massive neutron stars. For the hyperon Y(Λ, Σ, Ξ), we introduce the ratios of the hyperon coupling constants to the nucleon coupling constants
where N represents the nucleons (neutron and proton). The vector meson coupling parameters of ρ are determined from SU(6) symmetry [23, 24] 
The coupling parameters of hyperon Y with the scalar meson σ and vector meson ω satisfy the following relation [10, 25] 
Here, V = (g ωN /m ω ) 2 · ρ 0 , S = m − m * , are the scalar potential and vector potential of the nucleon at saturation density ρ 0 , respectively. U N Y is the hypernuclear potential depth in saturation nuclear matter. In this calculation,we take [26] [27] [28] , and fix x σ Λ = 0.8, x σ Σ = 0.4, x σ Ξ = 0.8 according to the paper [29] , then the coupling parameters of vector meson ω can be obtained as x ωΛ = 0.9320, x ωΣ = 0.7597, x ωΞ = 0.9450 respectively.
The coupling constants of strange scalar meson σ * and strange vector meson ϕ are also determined by SU(6) symmetry:
With the EoS calculated with the above coupling parameters, the mass and radius of the neutron star can be obtained by solving the Oppenheimer-Volkoff (OV)equations [30] 
In the OV equation, r is the radial distance from the center of the star, P(r) is the pressure,ε(r) is the energy density and M(r) is the mass. The relationship between the mass and the radius of the neutron star with or without considering the strange mesons are shown in Fig.1 . Without the strange mesons, the maximum mass and the corresponding radius are 2.0559M ⊙ and 11.899km. While including the σ * and ϕ mesons, the maximum mass and the corresponding radius are 2.0645M ⊙ , 11.839km. It can be seen that the maximum mass of cold neutron stars with the strange mesons exceeds 2M ⊙ . Therefore, the parameter set GL85 can be used to describe the 2M ⊙ massive neutron star.
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Results and discussion
The above coupling parameters model is extrapolated to study the properties of massive PNSs with per baryon entropy S = 1. The effects of strange mesons on the properties of the massive PNSs is focused on. Firstly, we calculate various meson fields and chemical potentials of PNS matter. 
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The particles number distribution of the PNSs are given in Fig.3 . Fig.3(a) presents the relative populations of different kinds of particles as a function of baryon density. At low density, the PNS matter mainly consists of neutrons, and a small amount of the same number of protons and electrons to maintain electric charge neutrality; As the density increases, muons and the hyperons Λ,Ξ − ,Σ − ,Ξ 0 ,Σ 0 successively appeare. The appearance of a particle here means that the relative proportion of the particle begins to outnumber 10 −3 . Fig.3(b) presents the relative populations of nucleons(protons and neutrons) and all hyperons as a function of baryon number density. It can be seen that when the baryon density is larger than 0.3 f m −3 , the proportion of nucleons begins to fall from 1, while the hyperons begin to appear and the sum of their relative number density increases rapidly. That is to say, the strange mesons suppress the appearance of the hyperons in the PNSs. We calculate the energy density and the pressure of the protoneutron star matter, and the results 0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 are shown in Fig.4 . It can be seen that the EoS with the σ * meson and ϕ meson is stiffer than that without the σ * and ϕ mesons. For example, at the energy density ε = 1100MeV / f m −3 , the pressure changes from 328MeV / f m −3 without the σ * and ϕ mesons to 336MeV / f m −3 including the σ * meson and ϕ meson. This is due to the softening effects of hyperons in the neutron star matter on the EoS.
Further, the internal temperature of PNS is calculated and the results are illustrated in Fig.5 . As can be seen from Figure 5 , in the low-density region, as the density increases, the temperature increases rapidly. When the baryon density becomes larger than 0.4 f m −3 , the increase in temperature slows down as the baryon number density increases. In this process, the σ * meson and ϕ meson make the temperature higher. For instance, at the density ρ = 0.6 f m −3 , the temperature is 20.772MeV without considering the σ * and ϕ mesons, while the temperature is 21.125MeV when the strange mesons are taken into account.
On the basis of the above EoS, the mass and radius of the PNS are calculated by solving the OV equation, the results are shown in Fig.6 . The shaded portion corresponds to the mass of the neutron star PSR 0348+0432. The maximum mass of PNS is 2.0654M ⊙ and its corresponding
Short Title for header Huanyu Jia Table 1 , the properties of PSR J0348 + 0432 and the PNS corresponding to the mass of PSR J0348 + 0432 are presented. Compared with the massive cold neutron star, the radius of the PNS becomes larger.
Summary
In this paper, by the appropriate hyperon coupling parameters in the parameter set GL85 and including the σ * meson and ϕ meson interaction, the maximum mass of the cold neutron star are calculated to be 2.0645M ⊙ , and the corresponding radius is 11.899km.
The results reveal that the repulsive potential of ϕ meson is larger than the attractive potential of σ * meson. The population of the hyperon with the strange mesons is smaller than that without the strange mesons. The temperature of PNS matter with the σ * meson and ϕ meson is higher than that without strange mesons. By comparison, the results also show that the EOS of PNS is stiffer when the σ * and ϕ mesons are taken into account, and the maximum mass of the PNS is larger.
The properties of PSR J0348 + 0432 and the PNS whose mass is same as PSR J0348 + 0432 are also presented. The radius of the massive PNS becomes larger than that of cold neutron star.
